Vascular cognitive impairment (VCI) is a major contributor to age-related dementing illnesses which imposes a tremendous burden on families and society. It is a heterogeneous group of brain disorders. However, cerebral small vessel disease (CSVD) accounts for about 50%-70% of VCI, which represented a more homogeneous subtype of VCI. Advanced multimodal neuroimaging techniques like brain network connectome analyses are currently applied to explore the underlying mechanism of VCI. Some progress in the field of structural and functional brain network researches on a poststroke longitudinal CSVD cohort (Renji CSVD Cohort Study) was reported. Global and regional brain network characters were compared between patients with CSVD and healthy control. It suggested that distributed brain structural network disruption may play a pivot role in the cognitive decline. The results showed that brain structural network characters have distinctive differentiating capacity on the cognition of patients with CSVD.
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CerebrAl smAll vessel diseAse And vAsCulAr CogniTive impAirmenT
The term cerebral small vessel disease (CSVD) encompasses all the pathological processes that affect the small vessels of the brain, including small arteries and arterioles, and capillaries and small veins. 1 2 Arteriolosclerosis (age-related or vascular risk-factor-related small vessel diseases) is sporadic and the most prevalent form of CSVD. It is characterised pathologically by lipohyalinosis, microaneurysm, microatheroma and fibrinoid necrosis.
1 CSVD may present with the insidious onset of minor stroke(s), but it will gradually lead to the outcomes such as cognitive impairment, physical disabilities and emotion change in a long time with various stages and a progressive course. It accounts for 10%-30% of stroke cases and 50%-70% of vascular cognitive impairment (VCI). 3 4 CSVD has been proved as a slowly progressing disease that destroyed frontal-subcortical networks, leading to various frontal symptoms, especially the decreased executive and memory function with relatively reserved recognition. 5 Hence, CSVD produces the most prevalent subtype of VCI, the subcortical ones.
neuroimAging sTudies on vCi due To Csvd There are few animal models which have been developed to study the form of VCI due to CSVD. 6 Furthermore, small vessels cannot be visualised in vivo and the pathological evidence of CSVD is also limited. Therefore, neuroimaging is adopted as an important method for the diagnosis and research of CSVD. 7 8 With the rapid development of novel neuroimaging techniques, much progress has been made. Currently, the Standards for Reporting Vascular changes on Neuroimaging criteria is widely applied to evaluate structural features seen on MRI, including recent small subcortical infarcts, lacunes, white matter hyperintensities, enlarged perivascular spaces, microbleeds and brain atrophy. 9 These individual MRI markers of CSVD are inter-related, and their respective correlations with cognition have been demonstrated, [10] [11] [12] [13] while some of the results are reported inconsistently. 7 14 Therefore, it exists the unmet need to better quantify total CSVD burden and relate it to cognition and dementia.
As the conventional focal lesions usually affect remote structural and functional network connections, CSVD is now considered as a global rather than a focal disease. 15 SVD score is a visual semiquantitative approach which combines such lesion burdens in a semiquantitative manner as proposed by Staals et al. 16 17 However, the relationship of SVD score and cognitive function has not been widely examined in cohorts from different clinical settings. 18 Considering that the semiquantitative SVD score does not identify the extent and location of different lesions, whether this composite index really indicates an underlying latent disease construct or not is untested. It is meaningful but challenging to find a composite convincing method to quantify CSVD burden with neuroimaging techniques.
Brain network is usually defined as a large-scale complex network mapping the brain structure and function. It has been proved to be economical and efficient with Open access the 'small world' characteristics. 19 It is an intermediate state of a complex network, which achieves a balance between functional integration and functional differentiation. Brain network connectome analyses brain lesions from both integrated and separated perspective by the method of graph theory. Several studies have demonstrated that brain network characters have advantages of explaining cognitive dysfunction than conventional structural lesions. 20 21 It may become a reliable surrogate biomarker for CSVD. 22 The results of a 5-year prospective hospital-based cohort study demonstrated that network disruption played a pivotal role in the genesis of dementia in CSVD, suggesting that brain network measures have potentials of surrogate markers of subcortical VCI. 21 Lawrence et al 22 constructed a cross-sectional study comparing the brain network measures between patients with CSVD and healthy individuals. The results indicated that network connectivity was significantly reduced in patients with CSVD and such disruption was associated with disease severity and cognitive function. Some research applying the mediation analysis were conducted to explore the relationship among structural lesions, brain networks and cognitive function. 14 23 24 The results of these research provided some evidence of the underlying mechanism in CSVD showing that the associations between structural lesions and cognition was fully or partly mediated by the destruction of brain networks.
neuroimAging sTudy on renji Csvd CohorT Renji CSVD Cohort Study (RCCS; http://www. clinicaltrials. gov, NCT 03544801) is a longitudinal cohort study, which recruits patients with CSVD consecutively from the stroke clinic at the Department of Neurology, Renji Hospital, an affiliated teaching institution of School of Medicine, Shanghai JiaoTong University since 2015. One of the aims of this study is to investigate the mechanism of the occurrence and development of VCI due to CSVD by multimodal MRI. It was found that the correlation existed between white matter hyperintensity and cognitive dysfunction. 25 26 Furthermore, arteriosclerotic microbleeds and periventricular white matter hyperintensity seem to be independent MRI surrogated markers in the early stage of cognitive impairment in CSVD. 27 Abnormal reductions in cortical cerebral blood flow (CBF) have been identified in VCI due to CSVD. However, little is known about the pattern of CBF reduction in relation to the degree of cognitive impairment. A study on CBF alterations assessed by three-dimensional arterial spin labelling was performed in RCCS patients to detect the relationship of regional CBF with cognition in CSVD. The results suggested that cerebral perfusion deficit in the temporal and frontal lobe, hippocampus, thalamus and insula was correlated with the degree of cognitive impairment. 28 Recently, functional with structural brain network analysis was conducted on our cohort. A resting-state functional MRI study demonstrated that functional connectivity alteration was observed in patients with CSVD. Resting-state functional connectivity between the left thalamus and the posterior cingulate cortex indicates the severity of cognitive impairment. The frontal lobe and other subcortical brain sites play an important role in the pathogenesis of VCI due to CSVD. 29 Evidence suggested that distributed structural brain network disruption may play a pivotal role in the cognitive decline. The inter-relationships between cerebral vascular brain injuries (CVBIs), structural network disruptions and cognitive dysfunction were explored using mediation analysis recently on RCCS. It was found that structural network disruptions play an intermediate role between the CVBIs and the cognitive decline. In another study of RCCS, several global and nodal brain network characters were compared between patients with CSVD and healthy controls. The preliminary results showed that brain structural network characters differentiate CSVD from healthy controls and distinguish patients with CSVD with different cognitive status.
ConClusions And fuTure perspeCTives VCI is a major contributor to age-related dementing illnesses. CSVD is the leading cause of VCI which presents with predominant disruption of attention and executive function. It is particularly important for early detection and prevention since no specific treatment has been found to be effective until now. Multimodal neuroimaging techniques are currently important investigation tools in clinical studies. Brain network characters are now emerging as sensitive markers in cognitive deterioration in CSVD. Advanced structural with functional brain network analysis on longitudinal cohorts with different clinical settings are needed to explore the mechanism of VCI in CSVD in the future.
Contributors This paper was drafted by JD and was then amended and approved by QX. open access This is an open access article distributed in accordance with the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited, appropriate credit is given, any changes made indicated, and the use is non-commercial. See: http:// creativecommons. org/ licenses/ by-nc/ 4. 0/.
